Abstract Koi herpesvirus (KHV), a member of Hervesviridae, has been frequently reported to cause mass mortality (80-100%) in common carps (Cyprinus carpio L.). A unique feature of Herverviridae members is latent infection, maintaining their genetic information for an extended period in the absence of productive infection, and reactivate when environmental conditions are favorable for their growth. To prevent this occurs, a monitoring program should be done for early detection. This study aimed at detecting the presence of KHV in healthy common carps reared in West-Nusa Tenggara Province, Indonesia. A total of 80 healthy fish was collected randomly from eight fish farms (Lingsar, Batu Kumbung, Narmada, Tanjung, Lenek, Aik Mel, Brang Rea and Rhee) across West-Nusa Tenggara Province, Indonesia. The presence of KHV genome was detected using a PCR with a commercial kit, IQ 2000TM. The result showed that common carps collected from four farms (Aik Mel, Lenek, Rhee and Brang Rea) were positive KHV. The size of an amplified gene was * 550 bp which was the same as positive KHV control. The obtained result suggests that KHV as other member of Hervesviridae shows a latent infection in common carps, and should be anticipated for their reactivation. Based on this result it is highly recommended that common carps cultured in this region should be vaccinated. In addition, transporting common carp out from Lombok and Sumbawa Islands should be carefully regulated to prevent the spread of the disease to other areas.
Introduction
Koi herpesvirus (KHV) is a lethal disease which has caused mass mortalities in common carp (Cyprinus carpio), and fancy carp or koi (Cyprinus carpio koi) in many countries worldwide [38] . Taxonomically, the virus is included in family Herpesviridae [4, 44] . Fish infected by KHV generally shows several gross pathological signs including discoloration of skin and gills [7, 17] , the bases of fins were congested, and secreting massive mucus on their skin and gills [17, 26] . The massive production of mucus on gill cause disturbance of oxygen transfer, which could lead to the low oxygen content in their blood which leads to gasping behavior of fish on the surface of ponds. Other clinical signs are that the infected fish showed poor appetite, and lethargy abnormal swimming behaviors [15] . Mortality of KHV infected fish can be up to 100% within 2 or 3 weeks [17] , therefore being regarded as one of the most dangerous fish pathogen in the world.
Since firstly reported in the USA and Israel in 1998 [14, 16, 17] , KHV disease has been spread across wide geographical areas. In 2000, mass mortality of common carp due to the virus was reported from several European countries including Germany, Holland, Belgium, and United Kingdom [42] . In the same year, it was reported to infect different life stages of Koi in Taiwan, which were juvenile and adult stages [43] . In 2002, the virus has reach several Asian countries including Thailand, Vietnam, Singapore, Cambodia, Philippine and Indonesia [19, 21-23, 31, 35, 39] . The virus has also been reported to infect various stages of carp, from fry (less than 2 months) to juvenile stages in 2003 in Japan [20, 37, 41] .
In Indonesia, the first case of KHV infection was reported in 2000 in Blitar, East Java [25, 40] . The disease has caused vast economic losses in koi and common carp industries. Due to the disease outbreak, it affected 5000 farmers with economic losses of more than IDR 5 billion within the first 3 months. Since then, the disease outbreak continued to spread to new areas in Indonesia. KHV infection has spread to several areas in Indonesia, including Surabaya (East Java), Subang Regency (West Java) during April 2003, Lubuk Lingau Regency (South Sumatera) in February 2003, Bali, East Kalimantan and Central Sulawesi in February 2003 [40] . Around 2009, there was mass mortality of common carp and koi in West-Nusa Tenggara. Based on its clinical sign, the mass mortality was due to the KHV infection. However, no scientific study has been done about the KHV outbreak in West-Nusa Tenggara Province.
A unique feature of the virus is a latent infection, which is maintaining genetic information in certain hosts for an extended period in the absence of productive infection [11] . When environmental conditions are favorable for their growth especially temperature and stress condition, the virus can be reactivated and cause mass mortality. To prevent this occurs, a monitoring program should be done regularly to those farms which are presumed to have previously been exposed to KHV for early detection of the virus. Thus, this study aimed at detection of KHV in WestNusa Tenggara province, Indonesia. The study result would provide important information about the current state of KHV in this region to prevent the mass mortality in fish farmers or the spread of this contagious disease, to other areas.
Materials and methods

Fish samples
Eighty common carps collected by fish health professionals were obtained directly from 8 (Fig. 2) , and a mean length of 13.45 ± 1.23 cm were caught from ponds in which water temperatures ranged from 27°C to 29°C. Live fish placed in aerated water bags were transported to a Fish Health Laboratory of Fish Quarantine Inspection Agency, Mataram, West-Nusa Tenggara, Indonesia. As soon as arriving, the fish were placed in a 3000L-concrete tank and reared until sampling processes.
Physical examinations
Physical condition of fish sample was examined according to a protocol developed by Hedrick et al. [17] with a slight modification. In brief, fish samples were firstly anesthetized with clove oil at a concentration of 50 ll l -1 rearing water. After opercula movement was ceased, the fish were killed and immediately subjected to physical, examinations. The physical appearance of the fish was observed individually for detection of any gross clinical signs. The main organ targets to be observed were gills and skin as these organs are the most common pathological signs in KHV infections [17] .
DNA extraction
Afterwards, gill was removed aseptically from each fish samples, and the gills from the same location (10 fish) were placed on a sterile Petridisk, pooled together for further use. Thereafter, DNA was extracted from the organ target (gill) which was pooled based on sample locations using an IQ 2000 TM kit according to the manufacturer's instructions. In brief, the pooled gills were cut into pieces and placed in a 1.5 sterile tube containing 600 ll extract solution of 8% dedocyltrimethilammonium bromide (DTAB), 1.5 M NaCl, 100 mM TRis-Cl (pH8.8), 50 mM EDTA and incubated at 68°C water bath overnight. The tube was agitated several times to mixed the sample and the buffer solutions. Afterwards, 700 ll chloroform was added to the tube and followed by centrifugated at 10.0009g for 5 min. Thereafter, 200 ll aqueous layer (supernatant) was transferred to a new sterile 1.5 ml tube containing 900 ll dH 2 O and 100 ll cetyltrimethyl-ammonium bromide (CTAB) solution (5% CTAV, 0.4 M NaCl). The tube was then inverted gently several times and allowed to sit at room temperature. After 5 min, the tube was centrifuged at 10,000 x g for 10 min. The supernatant was discarded and the pellet was resuspended in 300 ll M NaCl to exchange the CTAB. The DNA was precipitated by adding 300 ll ethanol (95%) and centrifuged again, dried in a speed-vac for 10-15 min and resuspended in 50 ll of 0.5 9 Tris EDTA buffer pH 8.0. This DNA solution was then used as a template for polymerase chain reaction (PCR) amplification.
Molecular detection of KHV
Detection of KHV DNA from fish tissues was conducted using a commercial kit (IQ 2000 TM ) with a pair of specific primers (F: 5 0 -GGGTTACCTGTACGAG-3 0 ; R: 5 0 -CACCCAGTAGATTATGC-3 0 ). A master mix was made containing the following: A total of 7.5 ll of first PCR premixed was combined with 0.5 ll IQzyme DNA polymerase TM 2U/ll 2 ll of extracted DNA sample. The DNA Engine Peltier Thermal Cycler Model (Tetrad2, MJ Research) was used for amplification using 1 cycle of 94°C for 2 min followed by 15 cycles of 20 s at 94°C, 20 s at 62°C, and 30 s at 72°C, followed by 1 cycle of 30 s at 72°C. Eight to ten ll were loaded onto a 2% agarose gel for electrophoresis. The duplicate samples were run with positive and negative controls and a DNA marker.
According to the manufacturer protocol, the amplified KHV gene of interest was about 550 bp. Representative amplicon (PCR amplicon from AikMel) was then purified according to a protocol of Ali et al. [1] , and send for sequencing.
Sequence identity and phylogenetic analysis
The identity of PCR amplicon was searched according to Amin et al. [3] with some modifications. In brief, the sequence of PCR amplicon was run for sequence homology at https://blast.ncbi.nlm.nih.gov/Blast.cgi with the archived 16S rDNA sequences from GenBank. Thereafter, multiple alignments of some KHV sDNA sequences from different countries were performed with the ClustalW2 program. A phylogenetic tree was constructed using the neighborjoining DNA distance using Geneious software version 5.3.6. The resultant tree topology was evaluated by bootstrap analysis of neighbor-joining data sets based on 100 resamplings.
Water quality
Physical-chemical parameters of rearing water which were pH, dissolved oxygen (DO), temperature (T), ammonia (NH 3 -) and nitrite (NO 2 -) were measured in situ at each sampling location. Water temperature, and DO were measured with Dissolved oxygen meter (DO Meter AZ-8403), pH with pH Meter Hanna Instruments HI99162/HI99162. While ammonia (NH 3 ) and (NO 2 ) were monitored with ammonia and nitrite test kits (Hanna products). 
Results
Physical examination
The 80 fish samples collected from eight fish farms across West-Nusa Tenggara Province, Indonesia showed no signs of KHV infection such as depression, lethargy, abundant mucus production on the body, behavioral abnormalities and disorientation. In addition, gross physical examination of the 80 common carps showed no abnormal changes on their body surfaces and gills. Literally, all fish were healthy and free from any pathological signs of KHV infection.
Molecular detection
Fish samples collected from four fish farms (Lenek, Aikmel, Brang Rea and Rhee) were positive KHV, indicated by the amplification of KHV DNA as presented in Fig. 3 . The size of the amplicon was * 550 bp which was the same size as the positive control. Meanwhile, there was no amplified product from fish samples collected from the other four fish farms which were Lingsar, Batu Kumbung, Narmada and Tanjung, Fig. 3 . This result may indicate that the four fish farms were free from KHV.
Sequence identity and phylogenetic analysis
Through partial 16S rRNA sequencing and phylogenetic analysis revealed that strain the amplified gene sequence showed 95% similarity to KHV 3 strain T (Acc. Nb. MG925491.1). The 16S rDNA sequence of the isolate was deposited in GeneBank under accession number MG976611. The phylogenetic position of the bacterial strain was compared with other Bacillus spp. in a dendogram. The dendogram analysis revealed a close relatedness between the amplified gene and KHV 3 strain T (Fig. 4 ).
Water quality
Water quality parameters (pH, ammonia, nitrite, dissolved oxygen, and temperature) in the rearing water were all within normal condition, as presented in Table 1 . Temperature ranged from 27 to 29°C, which was normal temperature of rearing water during dry season in WestNusa Tenggara area of Indonesia. Dissolved oxygen was recorded at 6.5-7.6 ppm, which were in a range of a normal concentration for common carp. Furthermore, pH, ammonia and nitrite were all below toxic concentration for common carp.
Discussion
The first outbreak of KHV in Indonesia was reported in 2002 in Blitar, East Java [40] , which caused 90-100% mortality in fancy carp (koi) and common carp. The disease outbreak has caused enormous economic loses for fish farmers. Since then, the disease had been reported to spread in several islands across Indonesia: Java Island, Bali, Southern Part of Sumatra, East Kalimantan and Central Sulawesi [8] . However, no specific study has reported KHV infection from West-Nusa Tenggara Province which consisted of 2 main islands, Lombok and Sumbawa Islands, as one of the main culture center of common carps. Nonetheless, according to fish farmers in the area, there was a mass mortality in common carp occurring in Lombok Island (West and Central Lombok) in 2009. Based on gross pathological signs on the dead fish, it was presumed that the mass mortality was due to KHV infection. Nevertheless, there was no specific study to validate this question yet.
One of the most important features of KHV which is under family of Alloherpesiviridae within the order of Herpesvirales is latent infection. The latency means that the virus could maintain their DNA in fish hosts but remaining dormant and showing no clinical signs. The latency of KHV has been reported especially in those fish (7) and sample from Rhree (8) . Size of the amplified gene in all sample was 550 bp. MW; molecular weight of marker which were presumed to have been previously exposed to KHV [11, 45] . The virus can be reactivated when environmental conditions such as temperature stress were favorable for their growth [12, 27, 30, 38] . One way to prevent the outbreak occur is by performing early detection. Therefore, this study was conducted to detect the presence of KHV especially in common carp reared in West-Nusa Tenggara Province using a robust and powerful PCR technique. The technique is considered to be a powerful method to detect the latency of KHV in common carp due to its ability to detect a low number of viral copies [24] .
According to Sunarto et al. [40] , KHV infected fishes showed several gross pathological signs such as sloughing off the epithelium with loss of mucus, hemorrhages of operculum, fins, tail and abdomen, and severe gill damage. Thus, this study randomly selected 80 healthy common carps (showing not any clinical infection signs of KHV) Fig. 4 A phylogentic tree of KHV based on 16S rRNA sequence isolated from carp reared in Aikmel, Lombok Island, West-Nusa Tengara, Indonesia. Sequences were aligned using ClustalW Alignment Detection of koi herpesvirus in healthy common carps, Cyprinus carpio L. 449 from 8 fish farms across two islands of West-Nusa Tenggara Province as fish samples. Physical examination on these fish samples also indicated that all fish were free from KHV disease. However, based on PCR result, fish collected from 4 farms were positive KHV, indicated by the amplification of * 550 bp bands, which was the same size as the positive control. This result in agreement with a previous study reporting that health carps (no pathological signs of KHV infection), might contain or carry the virus [11] . The present study used a commercial KHV kit (IQ 2000 TM ) which targeted 2 band sizes, 550 bp, and 330 bp gene. However, the PCR amplicon sizes for KHV in the present study were also longer than previously published, including 484 bp [14] , 409 bp by Bercovier et al. [5] , and 414 bp by Bergmann et al. [6] . These differences might be due to the different primers which targeted different genes [2] . Based on on Primer-BlAST program, the primers used in the current study targeted 410 bp, located at 96,160 and 96,553. According to Gray et al. [16] , DNA fragment of KHV was at least 150.000 bp, and different protocols and primers may give different results. For instance, 2 pairs of primer developed by Gray et al. [16] amplified 2 different sizes of PCR products, 365 bp with BamHI-6 primer and 290 bp with SphI-5 primer. Yuasa et al. [46] reported almost similar size which was 292 bp with a corrected SphI primer. Thus, the amplified gene obtained in the present study may amplify correct gene.
Meanwhile, there was no amplified product from fish samples collected from the other four fish farms (Lingsar, Batu Kumbung, Narmada and Tanjung), Table 2 and Fig. 3 . This result may indicate that the fish were free from KHV. However, according to Meyer et al. [24] negative result of PCR might also mean that the number of DNA target was too low in the samples. Since the organ target used in this study only gill, it is highly recommended to take more organs, such as kidney, brain, heart, eye, liver, and pancreas. Taken more sample organ sources might give more accurate and comprehensive results.
This study is the first study to report KHV infection in these two islands, Lombok and Sumbawa which are part of West-Nusa Tenggara Province. Thus, it may be assumed that mass mortality of common carp reported in 2009 in Lombok Islands could be the first outbreak of KHV in Wes-Nusa Tenggara area. Some fish might able to survive and carry the virus afterward. This assumption was built based on several previous studies which demonstrated the ability of the virus to cause a latent infection in carp and koi [11, [32] [33] [34] . The virus has not productive since all water quality parameters (pH, ammonia, nitrite, dissolved oxygen, temperature) were all within normal condition for common carps, as [9, 10, 13] . The optimum environmental conditions might prevent the occurrence of KHV, especially temperature which was recorded between 27.5 and 29.5°C, in all sample locations. According to Perelberg et al. [28] , when temperature reaches 26°C or below during the rainy season, reactivation of KHV may occur [40] .
Based on this study result, Lombok and Sumbawa Islands should be listed as KHV-infected area together with Blitar, Surabaya (East Java), Subang Regency (West Java), Lubuk Lingau Regency (South Sumatera), Bali, East Kalimantan and Central Sulawesi [40] . Therefore, transporting live fish between farms and islands should be carefully done, acknowledging the virus characteristics. In addition, it is highly recommended that every fish farm in WestNusa Tenggara Province should be vaccinated to prevents outbreak of the disease in these areas. Several studies have successfully prevented the disease infection through vaccination in carps [29, 36] and koi [18] . Thus, the approach could also be applied to prevent outbreak of KHV in WestNusa Tenggara Province.
In conclusion, the result indicates that KHV shows a latent infection to common carps collected from four fish farms, Lenek, Aikmel, Brang Rea and Rhree. Although showing no clinical signs of infections, the present of KHV gene was detected using PCR. This result suggests that the two islands, Lombok and Sumbawa, have been infected by koi herpesvirus (KHV). Based on this result, it is highly recommended that every farm culturing common carps of koi to be vaccinated. In addition, these two islands should be included in the list of KHV infected area, and transportation of koi or common carp out of this regions should be strictly monitored. ''-'': negative KHV, ''?'': positive KHV detected using PCR
